This paper compares the vulnerabilities to climate change and climate variability of the indigenous people with the Bengali population of Bangladesh. Following an introduction, the paper starts with a review of how the climate change literature addresses vulnerability. Based on this review it is suggested to distinguish between (a) individual vulnerabilities that are related to an individual's capability to adapt to climate change and; (b) spatial vulnerabilities, that is, vulnerabilities that are related to the location of a person (like the exposure to climate changeinduced disasters). While an individual's capability to adapt to climate change is determined by many factors, some relatively simple approximation is to look at poverty, landlessness, and illiteracy. Spatial vulnerabilities are reviewed by looking at drought hazard maps, flood hazard maps, landslide hazard maps, and cyclone hazard maps. Hence, the paper compares levels of poverty, landlessness, illiteracy, and the more direct though also more subjective exposures to increased droughts, floods, landslides, and cyclones across the two population groups. The paper concludes with some broad suggestions on adaptation strategies of indigenous people as well as suggestions for policy interventions to reduce climate change-induced vulnerabilities for indigenous people in the CHT.
I. Introduction
Bangladesh is characterized by an extremely high population density, a low resource base, and a high incidence of natural disasters. Bangladesh is therefore recognized worldwide as one of the countries most vulnerable to the impacts of climate change and climate variability. 1 The climate change literature is mostly focusing on Bangladesh's geographic location, Bangladesh's geomorphological conditions, and Bangladesh's low level of development. The usual assumption is that the coastal area and the large river delta will be the most severely affected areas while the elevated parts in the south east of Bangladesh are generally considered to be far less affected by climate change. Only more recently-largely due to the catastrophic landslides in Chittagong in June 2007-has it been recognized that the Chittagong Hill Tracts (CHT) may also be affected significantly by climate change-induced disasters. While flash floods and landslides in the CHT are related to mostly man-made soil erosion and deforestation, the frequency and severity of such disasters is likely to increase sharply due to climate-change induced increases in precipitation and storm surges.
Based on the contribution of Working Group II to the Fourth Assessment Report of the International Panel on Climate Change (IPCC) on the Impacts, Adaptation and Vulnerability in Asia, 2 the impact in Bangladesh can be summarized as follows:
• Glacier melt in the Himalayas is projected to increase flooding and rock avalanches from destabilized slopes, negatively affecting water resources during the rainy season within the next two to three decades. This will be followed by decreased river flows as the glaciers recede.
• Freshwater availability is projected to decrease particularly in large river basins due to increased floods during the rainy season and increased droughts during the dry season. Bangladesh's coastal areas will be at greatest risk due to increased flooding from the sea and due to flooding from the rivers.
• Climate change is projected to impinge on sustainable development as it compounds the pressures on natural resources and the environment associated with rapid urbanization, industrialization, and economic development. It is projected that crop yields in South Asia could decrease up to 30% by the mid-21st century.
This paper compares the vulnerability to climate change of Bangladesh's indigenous people with that of the Bengali population of Bangladesh. Given that there is no data available that disaggregates vulnerability by tribal and non-tribal populations, we make use of the fact that most of Bangladesh's tribal population is concentrated in the CHT and that there is some recent data from the 2001 census on the proportions of tribal and non-tribal populations at the upazila level (illustrated in Figure 1 ) to approximate vulnerability across the two groups. In cases where there is sufficiently detailed (i.e. upazila-level) data available for a specific vulnerability, we weight the vulnerability by the proportion of tribal population in the CHT. In the other cases the comparison is limited to the CHT population (serving as a proxy for tribal people) versus the population of the rest of the country (serving as a proxy for the non-tribal population). The remainder of this paper is structured as follows. The next section (Section II) reviews the factors determining vulnerability to climate change as they are analyzed in the existing climate change literature. We then suggest to group these vulnerabilities into (a) spatial vulnerabilities, that is, vulnerabilities that are related to the location of a person/household (like the exposure to increased droughts, increased floods, increased landslides, and increased cyclones), and (b) individual vulnerabilities that are related to an individual's (or household's) capability to adapt to climate change. Sections III and IV provide then the results for these comparisons, respectively for specific individual and spatial vulnerabilities. The last section concludes with some suggestions on mitigation and adaptation strategies of indigenous people as well as some suggestions for policy interventions to reduce climate-induced vulnerabilities for indigenous people in the CHT.
II. Literature Review on Climate Change Vulnerability
There is a large literature analyzing Bangladesh's vulnerability, specifically related to poverty 4 and natural disasters. 5 This review here is limited to the still sizeable literature addressing Bangladesh's vulnerability to climate change and studies that are specifically on Bangladesh and/or make specific references to Bangladesh. These studies can be divided into:
1. about 20 studies analyzing vulnerabilities resulting from climate change-induced disasters; 2. about 10 studies looking at vulnerabilities related to socio-economic criteria (like poverty, food insecurity, health risks, etc.); and 3. about 20 studies examining a variety of climate change-induced vulnerabilities.
II.1. Vulnerabilities Resulting from Climate Change-Induced Disasters
There are at least 18 studies that concentrate on Bangladesh's vulnerability related to climate change-induced disasters and hazards. Two of them address a variety of disasters and hazards, at least eight concentrate on water related vulnerabilities, and at least seven concentrate on climate change and cyclones. While there is at least one study that examines the impact of climate change on droughts in Bangladesh (and elsewhere), 6 there seems to exist no study specifically on climate change and Bangladeshi landslides. The following paragraphs summarize the two multidisaster studies, the water-related disaster studies, and the cyclone-related disaster studies. Alam (2004) analyzes Bangladesh's vulnerability to climate change and concludes that the most damaging effects of climate change are floods and droughts that are found to drastically affect crop productivity almost every year. More specifically, he analyzes five climate change induced challenges for Bangladesh: (a) scarcity of fresh water due to less rain and higher evapotranspiration, (b) drainage congestion due to higher water levels in the confluence with the rise of sea level, (c) river bank erosion, (d) frequent floods and prolonged and widespread drought, and (e) wider salinity in the surface, ground and soil. A similar vulnerability concept is 4 For major contributions to the literature on vulnerability and poverty specific to Bangladesh, see CARE (2002) , Chakma (2005 ), Halder (2003 , Pryer (2003), and World Bank (2002) . 5 See Dorosh, del Ninno and Shahabuddin (2004) for major contributions addressing Bangladesh's vulnerability to floods; Huq and Alam (2003) on the vulnerability of Dhaka city; and the seminal work by Mirza (2004) on Bangladesh's vulnerability to the Ganges water diversion; and Heltberg (2007) for the role of social protection to help South Asia to cope with natural disasters. 6 See Barlow, Cullen, Lyon, and Wilhelmi (2006) , who examine climate change-induced droughts around the globe. used by Thomalla, Cannon, Huq, Klein, and Schaerer (2005) , who point out that the vulnerability of people living in the coastal zone has been demonstrated in numerous studies and that the subsiding coastal zone in Bangladesh is particularly vulnerable as it is affected by more than twice the mean predicted global rate of sea-level rise. The consequences are saltwater intrusion into surface and groundwater systems, drainage congestion and water logging, and changes in morphodynamic processes resulting in increased riverbank erosion. Furthermore, Thomalla et al. point out that sea-level rise has the potential to make cyclones and coastal inundation even more damaging than they are today.
Climate change and water related vulnerabilities are examined in at least eight studies. Nicholls (1995) provides a synthesis of some 30 vulnerability analysis studies that all assessed the vulnerability to a one-meter rise in sea level. The synthesis study includes results on (a) the number of people affected, (b) the wetland area at loss, and (c) the costs of protection. Also published in 1995 and also focusing on sea-level rise, Huq, Ali, and Rahman (1995) summarize the dangers rising sea levels pose for Bangladesh. A few years later, Mamun (1996 and looks specifically at vulnerability issues related to riverbank erosions. Aerts (1997) analyses climate change scenarios, especially saltwater intrusion issues, in Bangladesh and India by using a GIS based model that allows for the analysis of vulnerability to exogenous influences like climate change and human interventions such as de-and afforestation, irrigation and dredging. He looks specifically at the vulnerability of (a) the Mangrove habitat in the Sundarbans, (b) the fish and shrimp productivity, and (c) the implications on drinking water suitability. Mirza (2002) concludes that the impacts of global warming are likely to have significant effects on the hydrology and water resources of the Ganges, Brahmaputra and Meghna basins and might ultimately lead to more serious floods in Bangladesh with a number of negative implications for Bangladesh's agriculture, flood control and infrastructure. The same issues are further detailed in Mirza, Warrick and Ericksen (2003) , who show that (a) due to changes in the peak discharges of the Ganges, Brahmaputra and Meghna significant changes in the spatial extent and depths of inundation may occur, (b) faster changes in inundation are expected at low temperature increases than at higher temperature increases, (c) changes in land inundation categories may introduce substantial changes in rice agriculture and cropping patterns, and (d) a reduction of the increased flood hazard due to climate change requires strengthening of flood management policies and adaptation measures in Bangladesh. A more recent analysis by Mondal and Wasimi (2007) performs a risk-based evaluation of meeting the future water demands in the Ganges Delta based on reliability, resiliency, and vulnerability performance indicators, which have been newly defined to capture the time varying characteristics of the Ganges river system. The analysis includes the impacts of climate change on both demands and resources, and the generation of synthetic flows of the Ganges. The analysis reveals that the expected demand of the Ganges Delta can be supplied up to the year 2050 with the proposed Ganges Barrage under the "no change" and "most likely" climatic scenarios, provided that the groundwater remains usable. However, if an additional upstream diversion from the transboundary rivers takes place in India and/or a "possible adverse" change in climate occurs, the consequences may be devastating With regards to climate change and cyclones, Ali (1996) provides one of the first vulnerability analyses of Bangladesh to climate change and sea level rise, concentrating specifically on tropical cyclones and storm surges. The paper discusses both qualitatively and quantitatively the impacts of rises in temperature on tropical cyclone intensity in Bangladesh and uses a mathematical model for the simulation of storm surges along the Bangladesh coast to develop various scenarios of storm surges. Ali (1999 and provides further details and updates on these issues. Matejka, Preu, and Kehl (2002) also provide a useful summary review of the vulnerability of the coastal lowland of the Chittagong region to flooding due to tropical cyclones. Paul and Hoque (2004) provide a comparative study on cyclonic disaster management between the inner and outer embankment area of Kalapara upazila; a similar study is provided by Alak and Rahman (2006) for the Sandwip and Hatia Islands of Bangladesh. The probably most comprehensive analysis of the impact of storm surges in coastal areas all over the world, including in Bangladesh, has been provided by Nicholls (2006) .
II.2. Vulnerabilities Related to Socio-Economic Criteria
Brouwer, Aftab, and Brander (2006) provide a case study of climate change and flooding in Bangladesh that looks specifically at socio-economic vulnerability and adaptation to environmental risk by investigating the complex relationship between environmental risk, poverty and vulnerability, focusing on household and community vulnerability and adaptive coping mechanisms. Novel in this study is the explicit testing of the effectiveness of adaptive coping strategies to reduce flood damage costs. As expected, the report shows that households with lower income and less access to productive natural assets face higher exposure to risk of flooding. Furthermore, disparity in income and asset distribution at community level furthermore tends to be higher at higher risk exposure levels, implying that individually vulnerable households are also collectively more vulnerable. The report also finds that the people that face the highest risk of flooding are the least well prepared, both in terms of household-level ex ante preparedness and community-level ex post flood relief.
Another influential study that addresses socio-economic factor as influencing vulnerability to climate change is Adger, Huq, Brown, Conway, and Hulme (2003) . They point out that societal vulnerability to the risks associated with climate change may exacerbate ongoing social and economic challenges, particularly for those parts of societies dependent on resources that are sensitive to changes in climate. Risks are apparent in agriculture, fisheries and many other components that constitute the livelihood of rural populations in developing countries. Mutton and Haque (2004) concentrate on the human vulnerability related to adaptation processes of people who have been displaced by riverbank erosion in Bangladesh. Alam, Rahman, Huq, and Kabir (2000) also go beyond looking at physical vulnerability related to climate-induced disasters by pointing out that the degree of vulnerability depends on how the nation, community or an individual perceives the forces of change and makes necessary modifications to adapt to altered circumstances. Similarly, Huq, Rahman, Konate, Sokona and Reid (2003) point out that developing countries (especially the least developed countries) are the most vulnerable to climate change and have the least capacity to adapt. Based on the experience of Bangladesh and Mali, they show that although much has been achieved in terms of describing and analyzing vulnerability to climate change and identifying potential adaptation options, there remains much more to be done to mainstream adaptation to climate change within the national policymaking processes. Nelson (2003) provides a health impact assessment of climate change in Bangladesh and concludes that climate change are likely to have serious and irreversible impacts on peoples' health, but that improved methods are needed to predict and quantify health impacts, so that appropriate risk management strategies can be focused on vulnerable areas. She proposes a disability-adjusted life year indicator as an effective tool in environmental health impact assessments. Choudhury, Quraishi and Haque (2006) examine mental health and psychosocial aspects of disaster preparedness in Bangladesh. Based on a survey carried out by the Social Assistance and Rehabilitation for the Physically Vulnerable (SARPV-Bangladesh) after the 1996 tornado, they show that (a) women are on average more affected psychologically than men, and (b) two-thirds of the total sample in the disaster area were psychologically traumatized and required emergency services. Faisal and Parveen (2004) provide a detailed and comprehensive analysis of climate change implications on Bangladesh's food security. They note that food security faces new challenges from the impacts of climate change in addition to the already existing threats from rapid population growth, declining availability of cultivable land, and inadequate access to water in the dry season. They examine the nature and magnitude of the climate change induced threats for the benchmark years of 2030 and 2050. They conclude that the overall impact of climate change on the production of food grains in Bangladesh would --due to the strong positive impact of CO2 fertilization --probably be small in 2030, but that the negative impacts of higher temperature and sea level rise would become noticeable by 2050 as the production of rice and wheat might drop by 8% and 32%, respectively. Based on population projections and an analysis of future agronomic innovations, they also show that the availability of cultivable land alone would not be a constraint for achieving food self-sufficiency, provided that the productivity of rice and wheat grows at a rate of 10% or more per decade. However, taking likely water shortages into account, the situation would be more critical. Rashid (2003) provides the results from a CARE Bangladesh baseline study in southwest Bangladesh that looked specifically at the impact of people's knowledge, attitudes and behavior regarding climate change on people's vulnerability. A subsequent report by Chowhan, Barman; the SAFE Development Group and the RVCC Team (2005) on the same project documents that awareness, action and advocacy at the grassroots level can reduce the vulnerability to climate change significantly as, for example, vulnerable households were testing agriculture and livelihood measures that reduce their vulnerability. They also conclude that the learning-bydoing process adopted by the project has generated significant lessons that can inform the design of future programming on adaptation to climate change. A related approach to vulnerability has been adopted by Thomalla, Cannon, Huq, Klein, and Schaerer (2005) who examine the mainstreaming of adaptation to climate change in coastal areas of Bangladesh by building civil society alliances.
Finally, related to individual vulnerability, Cannon (2002) examines gender issues of climate hazards in Bangladesh. She recognizes that poverty is both a cause of vulnerability, and a consequence of hazard impacts. She also finds that there is inconclusive or variable evidence for concluding that the impacts of disasters are worse for women. However, Cannon (2002) points out that since being female is strongly linked to being poor, unless poverty is reduced, the increase in disasters and extreme climate events linked with climate change is likely to affect women more than men. She also stresses that there are some specific gender attributes which increase women's vulnerability in some respects, and that there is room for social changes to reduce these gendered vulnerabilities.
II.3. Comprehensive Vulnerability Studies
There are two climate change case studies specifically on Bangladesh that have been pathbreaking for assessing vulnerability comprehensively. One is the Bangladesh Country Report of the Asian Development Bank (1994) and the other one is the seminal study of the Bangladesh Centre for Advanced Studies (BCAS) (1994, jointly undertaken with Resource Analysis (RA) and Approtec. Subsequent case studies on Bangladesh have been undertaken by Singh, Khan, and Rahman (2000) ; by the World Bank (2000); and especially by Huq (2002) . Huq looked at five key sectors of Bangladesh's economy and Bangladesh's physical resources that are vulnerable to climate change, namely coastal resources, fresh water resources, agriculture, human health, and ecosystems and biodiversity. Three other influential Bangladesh country case studies are Rahman and Alam (2003) ; Agrawala, Ota, Ahmed, Smith and van Aalst (2003) ; and Rahman, Alam, Shafi qul Alam, Uzzaman, Rashid, and Rabbani (2007) . The first and third one look specifically at how vulnerabilities can be reduced by mainstreaming adaptation to climate change; the second one presents an integrated case study for Bangladesh carried out under an OECD project on Development and Climate Change. It includes an in-depth analysis for coastal zones, particularly the coastal mangroves -the Sundarbans -which have been identified as particularly vulnerable to climate change. They provide a subjective ranking of key climate change impacts and vulnerabilities for Bangladesh that identifies water and coastal resources as being of the highest priority in terms of certainty, urgency, and severity of impact, as well as the importance of the resources being affected. Alam and Murray (2005) provide a three-country case study of the likely impacts of climate change in Bangladesh, Bhutan and Nepal, which include changes in temperature, changes in the distribution of rainfall, sea-level rise and an increase in the frequency and intensity of extreme weather events. These three least developed countries are at risk because of their high vulnerability and low adaptive capacity. Weak economies, inadequate infrastructure, poor social development, lack of institutional capacity and high dependence on natural resources all contribute to this vulnerability. Similarly, Choudhury, Neelormi, Quadir, Mallick and Ahmed (2005) present the results of a field study in Bangladesh by focusing on socio-economic and physical perspectives of water related vulnerability to climate change.
Even more recently, the case study by Selvaraju, Subbiah, Bass and Juergens (2006) shows that in Bangladesh-where large numbers of the population are chronically exposed and vulnerable to a range of natural hazards-climate change is particularly critical. They point out that agricultural production is already under pressure from increasing demands for food and the parallel problem of depletion of land and water resources caused by overuse and contamination. The impacts of climate change cause additional risks for agriculture. Furthermore, they summarize and discuss interim findings and recommendations of a project undertaken by the Food and Agricultural Organization (FAO) and the Asian Disaster Preparedness Center (ADPC) to assess livelihood adaptation to climate change in the drought-prone areas of Northwest Bangladesh, whereby the project specifically looks at: characterization of livelihood systems, profiling of vulnerable groups, assessment of past and current climate impacts, and understanding of local perceptions of climate impacts, local coping capacities and existing adaptation strategies. Building on Selvaraju, Subbiah, Bass and Juergens (2006) , Ramamasy and Bass (2007) provide an outstanding resource book and training guide on how to adapt to climateinduced drought in Bangladesh.
In addition to these useful case studies, there are at least five books that each contain a variety of contributions that help understand vulnerability to climate change. Warrick and Ahmad (1996) constitute the first of such books, looking specifically at the implications of climate and sea level change for Bangladesh. They point out that it is the capacity for human response that largely determines the extent of vulnerability and resilience to environmental change. Subsequent seminal books specifically on Bangladesh's vulnerability to climate change are Huq, Karim, Asaduzzaman, and Mahtab (1999); Sperling (2003); and Mirza and Ahmad (2005) . Furthermore, while not addressing climate change explicitly, the book edited by de Wilde (2000) provides a very useful source on the vulnerability of the Bangladeshi people living in the Coastal Chars in Southeastern Bangladesh. As the book points out, the main vulnerabilities the people living on the coastal belt are exposed to are drainage congestion, the salinity of the soil constraining agricultural yields, and storms that pose risks to lives and property. Additionally, a heterogeneous social environment with undue influence of well positioned land grabbers can make life and living difficult. Last but not least, vulnerability issues of climate change are also addressed comprehensively in the various reports of the International Panel on Climate Change (IPCC). For example, Watson, Zinyowera, and Moss (1997) provide an outstanding assessment of vulnerability based on regional impacts of climate change, which is further detailed in the IPCC (2007) report. It points out that non-climate stresses can increase vulnerability to climate change by reducing resilience and can also reduce adaptive capacity because of resource deployment to competing needs. Vulnerable regions face multiple stresses that affect their exposure and sensitivity as well as their capacity to adapt. In the case of Bangladesh, these stresses arise from mostly from current climate hazards, poverty and unequal access to resources, food insecurity, and the incidence of disease such as malaria. The IPCC report emphasizes also that future vulnerability depends not only on climate change but also on development pathway. While sustainable development can reduce vulnerability to climate change, it is very likely that climate change can slow the pace of progress toward sustainable development either directly through increased exposure to adverse impact or indirectly through erosion of the capacity to adapt. In other words, in addition to increased vulnerabilities related to biophysical changes, there are also increased vulnerabilities due to climate change induced changes in socio-economic factors; see Schneider, Semenov, Patwardhan, Burton, Magadza, Oppenheimer, Pittock, Rahman, Smith, Suarez, and Yamin (2007) for further details.
II.4. Implications
Given the many factors influencing vulnerability to climate change, a broad-ranging set of vulnerability indicators seems useful to make comparisons across populations and we therefore suggest to distinguish between (a) individual vulnerabilities that are related to an individual's capability to adapt to climate change and (b) spatial vulnerabilities, that is, vulnerabilities that are related to the location a person or a household is living/working.
III. Analysis of Individual Vulnerability to Climate Change
With regards to individual vulnerability, a recent Climate Change Cell (2007, p. 3) report has pointed out that the poorest are hit earliest and hardest by the impacts of climate change:
"Poorer people are more susceptible to the destruction caused by hurricanes and flooding for a variety of reasons. The poor typically live in substandard housing that is more susceptible to damage from winds, heavy rain and floodwaters. Substandard or non-existent sewage facilities and lack of potable water in poor neighborhoods can result in greater exposure to water-borne diseases after flooding. Areas that are historically prone to flooding or mudslides are often inhabited by the poor."
Hence, being poor is by itself a useful vulnerability indicator. Taking into account that (a) poverty is a multidimensional concept that has many dimensions and (b) the poor are a heterogeneous group with large proportions of the poor moving into and out of poverty (see Baulch and Hoddinott (2000) ), we look at a few poverty measures, including hard core food poverty (measured by the percentage of population with calorie intake lower than 1850 kcal/capita/day), as being at the margin of starvation leaves little capabilities to adapt to any negative shock.
Our second and third individual vulnerability indicators intend to reflect that vulnerability is related to (a) the inability to cope with climate change, (b) the property of lacking physical or mental strength to deal with climate change, and (c) the property of being helpless in the face of a climate change-induced disaster. Hence, we use landlessness (as a measure for potential food insecurity) and illiteracy (as a general measure for individual capability) 8 as our second and third individual vulnerability indicators.
There are typically high degrees of overlaps between those being poor, being landless, and being illiterate; however, given that we look at these vulnerability indicators subsequently, the overlap does not cause any bias. For comparison purpose, we also provide some information on a so-called "Socio-economic Vulnerability Index (SVI)" which had been taken from the UNDP's Millennium Development Goals (MDG) database, based on a study by Hi-Tech Info Processing Centre and Bangladesh Institute of Development Studies (BIDS) (2003b). Figure 2 shows the degree of hard core food poverty across the 490 upazilas in Bangladesh. While the levels of food poverty vary significantly across upazilas, ranging from below 10 percent to above 30 percent, the CHT seem to be the most homogenous and also the least food poor area. According to the map, hard core food poverty is below 10 percent for each of the 25 CHT upazilas. However, this most recent official data is not consistent with some previous poverty estimates. For example, Kam, Hossain, Bose and Villano (2005) provide some estimates on the incidence of extreme rural poverty in Bangladesh, including for seven CHT upazilas (Bagaichhari, Dighinala, Lama, Langadu, Manikchhari, Matiranga, and Panchhari), see Figure 3 . All seven CHT upazilas exhibit the highest level of extreme poverty (which is supposed to be closely related to hard core food poverty). Figures 2 and 3 , Table 1 provides some additional data for three poverty measures as they are available for 21 regions of Bangladesh, including the CHT: (a) the Head Count Index, (b) the Poverty Gap Index, and (c) the Squared Poverty Index. Among the 21 regions 9 listed in Table 1 , the CHT rank as the seventh least poor region; and are just slightly less poor than the national average of Bangladesh (shown in the first row). 
III.1. Food Poverty

Given the contradiction between
Source: Adapted from Hi-Tech Info Processing Centre and Bangladesh Institute of Development Studies (BIDS) (2003a).
Though it is not unusual that different studies on and methods for assessing poverty come to somehow different results, the striking differences especially between Figures 2 and 3 make the poverty data more or less useless for our comparison.
III. 2. Landlessness
We use the corrected data on total households and landless households of 1997 (as provided in Appendix III of RDRS Bangladesh (2005)) for calculating the percentages of landless households in total households at the upazila level, which then combined with the proportions of CHT tribal population at the upazila level [as provided in LGED and ICIMOD (2006) , see Figure 1 above] and the corrected 2001 census data for each upazila allow to estimate the percentages of landlessness for the two groups, see For further comparisons (which also serve as consistency checks), the last row of Table 2 also shows the average landlessness rates for (a) the total national population, (b) the total national without all CHT population, (c) the total CHT population, and (d) the non-tribal population of CHT. Hence, as was the case at the national level, the tribal population is estimated to be less landless (by about 5 percent) than the non-tribal population living in the CHT. The numbers for (a) the percentage of average landlessness of all non-tribal population (34.20%) and (b) the average landlessness of the total national population (34.16%) are very close to each other as the CHT tribal population constitutes less than one percent of the total population of Bangladesh. 10 The data has been checked and corrected for any mistakes given in the original sources. For example, the 2001 census data as provided on the BBS website (http://www.bbs.gov.bd/dataindex/census/ce_uzila.pdf) gives the total population of Gaibandha zila as 213,818, while the male and female populations are given as 1,085,097 and 1,053,084, respectively. Hence, it is obvious that the total population of Gaibandha is 2,138,181 (not 213,818). Furthermore, given that the combination of the data on landless households in 1997 with the population from the 2001 census may cause some bias, we also calculated the landlessness by using the population data from the 1991 census. However, given that this resulted in only very marginal differences in the landlessness values (e.g., the average landlessness of tribal population is 20.25%, while the average landlessness of the non-tribal population is 34.11%), the conclusion drawn about the difference in average landlessness of tribal and non-tribal remains valid.
III.3. Illiteracy
We use the corrected literacy and population data from the 2001 census combined with the proportions of CHT tribal population at the upazila level [as provided in LGED and ICIMOD (2006) , see Figure 1 above], to calculate the average illiteracy rates for the tribal and non-tribal populations. As Table 3 shows, the average illiteracy of the tribal population is significantly higher than for the average non-tribal population. Like for Table 2 , the last row of Table 3 shows the average illiteracy rates for (a) the total national population, (b) the total national without all CHT population, (c) the total CHT population, and (d) the non-tribal population of CHT. We can see that while the average illiteracy rate of the total CHT population is significantly higher than the national average, the tribal population is still more illiterate than the non-tribal CHT population. Comparing the illiteracy rates of the 2001 census (Table 3) with the 1991 census (Table 4) , shows huge differences, as based on the 1991 census data, the difference in illiteracy between tribal and non-tribal populations is close to zero. We also show these differences in literacy rates over time (1981, 1991, and 2001) in Figure 4 . Searching for an explanation for these large changes over time, it is useful to look at the population movements in the CHT between 1991 and 2001. For example, there have been significant in-migration and/or returns of refugees during 1991-2001 in two of the three CHT districts (zilas): Bandarban's population increased by 27 percent, Khagrachhari's population increased by 53 percent, while the overall population of Bangladesh increased by 15 percent. 11 It would be useful to have some more detailed data on who moved in and out of the CHT between 1991 and 2001, in order to explain the significant deterioration in the tribal population's literacy rates.
III.4. Socio-economic Vulnerability Index (SVI)
Some years ago, the International Development Research Centre (IDRC) of Canada had a largescale program on assessing the Micro Impacts of Macroeconomic Policies (MIMAP) in Bangladesh, which also provided a variety of papers on measuring poverty in Bangladesh, see Figure 4 above. The MIMAP's Technical Paper No. 08, authored by Hi-Tech Info Processing Centre and Bangladesh Institute of Development Studies (BIDS) (2003b), used a so-called "Socio-economic Vulnerability Index (SVI)" for 21 regions of Bangladesh, including for the CHT, based on data collected for the 1999 Poverty Monitoring Survey (PMS) conducted by the BBS with support from MIMAP-Bangladesh. The socio-economic vulnerability is measured by the percentage of households facing crisis, both manmade and natural (e.g. death of income earner, large/unexpected medical expenses, crop/property loss due to flood, cyclone and other natural disasters, eviction, theft, litigation, extortion dowry payment, and other unforeseen events). The combination of manmade and natural factors make this index only of limited use to assess vulnerability to climate change. Anyway, among the three levels of this index (low, medium, and high), the CHT are assigned a low socio-economic vulnerability index; see Figure 5 below. There is however no disaggregation available for tribal and non-tribal populations.
III.5. Conclusion
In conclusion, there are two individual vulnerability indicators that allow us to disaggregate between tribal and non-tribal population: landlessness and illiteracy. The estimates for landlessness indicate that the average tribal person is far less vulnerable than the average nontribal person, while the estimates for illiteracy indicate that the average tribal person is far more vulnerable than the average non-tribal person. It should be stressed that these two results are not necessarily contradictory as different groups of the population may very well exhibit different vulnerabilities. The tribal population may have a lower proportion of landless people than the Bengali population at the national level (hence, this may be one of many explanations for the inmigration into the CHT); yet, the tribal population may-due to a variety of reason, like for example, civil conflicts before the peace accord of December 1997-be less literate than the Bengali people. 
IV. Analysis of Spatial Vulnerability to Climate Change
Looking at spatial vulnerabilities, we face severe data constraints to disaggregate between tribal and non-tribal people within the CHT. However, there are by now some very useful hazard maps, showing the vulnerable areas of Bangladesh to hazards that are very likely to increase in their frequency and severity, like droughts, floods, landslides, and cyclones. While these spatial vulnerability indicators have the advantage of being more directly related to climate change than individual vulnerability indicators, they typically also have the disadvantage of being much more subjective (i.e., based on some assumptions beyond the certainty of global warming). It should also be stressed that these hazard maps are not vulnerability maps, as hazard maps do not take any other vulnerability factors (like population density in the exposed area) into account. However, they are quite useful for our vulnerability comparison between tribal and non-tribal populations due to different spatial concentrations of these two populations.
IV.1. Climate Change-Induced Increases in Droughts
As the climate change literature has pointed out, climate change will diminish already low rainfall in the dry season and will increase winter and pre-monsoon temperatures significantly, causing more frequent and more severe droughts in Bangladesh. The likely most affected areas of Bangladesh can be identified based on (a) historical drought hazard maps (see Figure 6 ) and (b) projections on climate change-induced drought maps (see Figure 7) . We provide both hazard maps as they differ significantly in terms of affected area and some readers may prefer historical facts over more uncertain 12 projections. Based on historical data, the CHT have not been vulnerable to droughts, with exception of Mahalchhari and Lama upazilas (experiencing moderate droughts), and Bandarban upazila, Rajasthali upazila and the southern part of Kaptei upazila (experiencing slight droughts). However, based on climate change projections, the whole area of the CHT (except a small part of Lama upazila) is expected to experience moderate droughts during the Rabi & Pre-Kharif season (typically November to February) by 2030.
IV.2. Climate Change-Induced Increases in Floods
Like for droughts, the Climate Change Cell's (2006) fact sheet and the 2005 NAPA provide useful hazard maps based on current flood regimes and projected impact of water resources on arable land. Figure 8 shows the current flood regime. Figure 9 shows the flood regime and land type projected for 2075, based on Alam, Nishat and Siddiqui (1999) , who assessed vulnerability of water resources considering changes in flooding conditions due to a combination of increased discharge of river water during the monsoon period and sea level rise. The analysis found that much of the impact would be for F0 land, followed by F1 land, where embankment played an important role in restricting the extent of flood affected areas. A combination of development and climate change scenarios revealed that the Lower Ganges and the Surma floodplain would become more vulnerable compared to the rest of the study area. On the other hand, the northcentral region would become flood free due to embanking of the major rivers; please see Alam, Nishat and Siddiqui (1999) for further details. Fig. 4, p. 12 [based on Figure 7 of Alam, Nishat and Siddiqui (1999), p. 36] .
IV.3. Climate Change-Induced Increases in Landslides
Nadim, Kjekstad, Domaas, Rafat and Peduzzi (2006) provide one of the most comprehensive studies related to landslides around the world. They show that the landslide hazard level depends on a combination of trigger and susceptibility factors, whereby the precipitation and seismic conditions are triggers while the slope factor within a selected grid, the lithological (or geological) conditions and the soil moisture conditions are susceptibility factors. They provide a global landslide hazard zonation map, of which a small section (explaining the relatively bad quality) is represented in Figure 10 . While the degree of landslide hazard is not clearly visible, it is clear that the whole Chittagong Division is within the medium to severe global landslide hazard zonation. Hence, based on this broad hazard map, the tribal and non-tribal populations are likely equally affected by landslides as long as these populations live in the hazard zone. However, comparing the exposure of the tribal population that is concentrated in the CHT to the Bengali population all over the country, the tribal population is due to their concentration in the CHT relatively more vulnerable to landslides than the Bengali population at the national level, even though a substantial part of the Bengali population (those living in the Chittagong Division) is equally vulnerable to landslides. 
IV.4. Climate Change-Induced Increases in Cyclones
While water-related hazards, including from floods and sea-level rise, have been looked at in Figure 9 , Figure 11 provides the cyclone hazard map that looks mainly at storm damages resulting from cyclones. It shows clearly that even though the CHT are not within the area or high or moderate risk, most of the CHT are vulnerable to wind risk resulting from a climate change-induced increase in frequency and intensity of cyclones. 
IV.5. Conclusion on Spatial Vulnerability
In conclusion, looking at our six hazard maps, all of the tribal population and a significant part of the non-tribal population seem to be highly vulnerable to climate change-induced increases in droughts, floods, landslides and cyclones. The only other severe spatial vulnerability we have not analyzed is that related to sea level rise, though it is obvious that (unlike a considerable part of the Bangladeshi population) the CHT are not directly vulnerable to sea level rise.
V. Conclusions and Recommendations
Our analysis has shown that the average Bangladeshi's tribal household seems to be less landless than the average Bengali household. Hence, based on this indicator, the tribal population seems to be more capable to adapt to climate change than the non-tribal population. However, our analysis has also shown that based on the latest census data, the tribal population seems to be more illiterate than the non-tribal population, which is likely to make them less capable adapting to climate change. With regards to spatial vulnerabilities, the review of a variety of hazard maps seems to indicate that both tribal and non-tribal populations are highly vulnerable to climate change-induced increases in droughts, floods, landslides and cyclones.
Tempting as it is, we restrain from making any statements about which group is overall more or less vulnerable to climate change, for at least two reasons. First, the vulnerabilities we have analyzed and reviewed are not additive, i.e., we cannot add different vulnerabilities to come up with an overall vulnerability measure to compare vulnerability across the two groups. Second, there remain considerable uncertainties, especially with regards to the spatial vulnerability indicators on which area and ethnic group will be affected and to which degree. Yet, this does not mean that we cannot start with looking for preventive policies in form of mitigation and adaptation.
With regards to climate change mitigation, the options are clearly limited for Bangladesh as Bangladesh is contributing only marginally to climate change. Yet, Bangladesh has already implemented a variety of mitigation policies, like (a) switching from gasoline to natural gas for motor vehicles and (b) using solar energy, especially in rural areas (even though partly due to other reasons than climate change mitigation). Specifically for the CHT, one mitigation option is to limit the climate change-induced increase in frequency and intensity of landslides by stopping the ongoing deforestation, of which some is legal and some illegal (but not properly enforced).
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With regards to adaptation polices, the above climate change literature provides many of them, and nearly all of them apply as much to the tribal as to the non-tribal population. The following are therefore some recommendations as they can be drawn specifically from linking the results of our analysis with the literature on indigenous people in the CHT.
First, given the seemingly lower literacy rates of the tribal population, efforts should be intensified to increase enrolments to primary education and to improve the quality of primary education in the CHT. Looking at the evolution of literacy rates in the CHT (as displayed in Figure 4 above), it would also be useful to find out why literacy rates have dropped so severely in some CHT upazilas, especially in Belaichhari and Thanchi (where literacy rates seem to have dropped to below 15 percent). Moreover, in addition to basic literacy, it is important to provide market-relevant skills training (see Asian Development Bank (2007) ) to be less vulnerable to climate-induced impacts that are likely most severe in the agricultural sector.
Second, even though the average tribal household is estimated to be less landless than the average Bengali household, it is clear that the quality of land has been deteriorating rapidly in the CHT, largely due to short rotation slash and burn agriculture (also known as swidden cultivation or jhum chash). As Rasul (2006) has pointed out, polices and programs to promote alternative land use practices have largely failed; and while indigenous people are blamed for the problem, which is attributed to their conservatism and unwillingness to adopt alternative land use systems, Roy (2000) has pointed out that the dependence on swidden cultivation has-largely due to displacement-increased significantly during the political unrest of the 1980s and 1990s. Similarly, Thapa and Rasul (2006) have stressed that attempts to replace shifting cultivation with more productive types of sedentary agriculture have failed due to the absence of (a) secure land rights, (b) supportive trade policies, and (c) the required support services and facilities, including infrastructure. Hence, further improvements in these areas will also be useful for adapting to climate change. Third, there is some indication that the tribal population remains more dependent on agriculturally-and forest-based income than the average Bengali population (see Roy, 2000) , even though there are significant differences across the three CHT districts (see Table 5 ) and non-traditional employment is rising. There is some disagreement, especially among the tribal people, if a further increase in non-traditional employment is desired, as more monetary income does not necessarily come with better living conditions, especially if taking the deterioration of social values into account. In any case, having more land (especially if being dependent on it) may at some point in the future become an indicator for being more vulnerable to climate change as most of the CHT land will be exposed to droughts, floods, and landslides. Hence, some strategy for the diversification of income sources for the tribal as well as the non-tribal people should be considered. However, one mistake that needs be avoided is that non-tribal people make the decision for tribal people. As Roy (2000, p. 111) has stated: "Externally-conceived development planning for the Chittagong Hill Tracts has done more harm than good to the indigenous peoples, and to their traditional occupational practices."
Fourth, while Bangladesh has made significant progress with building cyclone shelters and setting up national warning systems, Howell (2003) has shown that due to a combination of physical, economic and social factors, the most vulnerable people are the least forewarned and prepared. Reviewing a variety of indigenous early warning indicators, she suggests that some of the indigenous early warning indicators could be incorporated into locally managed warning systems, to increase the empowerment and resilience of poor and vulnerable people. Similarly, there are some indigenous knowledge like (a) indigenous floating cultivation (see Islam and Atkins, 2007) , and (b) the protection of forest commons (see Roy, 2005) that will allow to cope better with climate change-induced hazards. Listening to tribal people and learning from them could in some cases be useful to promote alternatives that conserve indigenous values as well as reduce the vulnerability to climate change.
Finally, given that climate change impacts will inadvertently put stress on the peaceful coexistence of tribal and non-tribal people in the CHT (see Smith and Vivekananda (2007) for an outstanding analysis of the links between climate change and conflict and van der Molen and Rahman (2007) for disputes over water and natural resources in Bangladesh), it would be useful to undertake further measures to defuse the remaining ethnic conflict and social tensions.
